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ABSTRACT

The MCNI’1 code was used to gwwratc time and c+ncrgy s}w~-lra for
ncwtron and photon tr,]nsport throughout a fictitious f,]cility. Cnlcultltions L)t

[his typ= will be utilized to design a new I os Al,ums criticality ,]l,wm sysltm~.

IN-rR(JD(J~’T]ON

I’lans arc underway at LOS Al,]mos fur the construction of ,1 n~’w Sp~’ci,~l

Yuc]car Matmials htnndling facility, The plans include a critic,~lily ,~l,lrm
%yst~’m, The purpose of this pwntaticm is to cm!line our approach in Ilw

dt sign of this ncw system.

DI:SIGN SC} IKMATIC
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FIGLRE 1. Schematic of steps used in designing the criticality alarm system.



‘T lU fourlh box, ltltwllccl “systcm logic”, is a dtmic prt of dl,lrm syst~vn
~il’sign. The question here is how to specify J logic syslem which will have
high prob,~bi]ity of nbrming for a criticality accident, and, at the same time, J

lot~’ prohbility that false alarms will occur, The dynamic range and time

r~spwwc of the detectors will play an important role in this question. If the
,+v~~cm is In be uw’d as an on-line, real time dose monitoring system, then this

l;));ic box could be more complex than required for a simple alarm/no alarm
$Yslem,

Finally, the lJst box lumps together the remaining Lssucs of the design;
I!LItis, horns, evacuation procedures, documentation, etc. One feature that

n~ight bc considered here is the archiving of episodes where detectors record
IUVCISof radiation which arc significantly -above-backgrourld but h’low alarm

lhr~’>hldds. %ch information might be useful to facility managers.

TRANSIY3RT CAI.CULATIONS



FIG URE 2. M-tukl of fictitious building used to demonstrate neutron and photon
calculatio.w. Sphere; represent detector locations. Calculated partic
trajectoi-les are illustrated.
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I 1( ;11{1; 3. (’loswup viuw showing sphere usd [o modu] Ioc,l[ion of crilic.llily
dccidl’nt s11Il,lllwfklyinlcr.scctim. originill figure is in color, with

color ct)(luci [r.ljm.[orics to displ,ly ptlr[iclr energy. Two ,w.ij.ux’~1[
dcl~’(’lorsph(’rcs ,Irc nlso shown.



In order to e~iimine the time and energy spectra at a detector location,
[ilne nnd em’rgy bin Emundarics were specified to define a gridwcrk of
rcct,lngles on a plane containing a Cartesian time-energy coordinate sysiern.
l~or each rectangle, MCNP sums the trajectory lengths within the rectangle
,]nd ~ii~’ides by the sphere volume and the number of particles started at the
source point. This produces an estimate of the time-integrated flux at the

sphere--a quantity having units of inverse centimeter squared. That is the
time-integrated flux, where time is integr~ted over the time interval C[ the
bin for trajectories corresponding to particle energies within the energy bin.
~111particles were assumed to leave the source at time equal to zero.

In order to examine the effects of the output energy spectra of a criticality
t~~~id~nl, three energies were selected as the starting source energies for
neutrons and photms. These energies were 0.5, 1.0, and 5.0 Mev. Therefore,
six c,~lculations were performed: three for neutrons and three for photons.
“l_llcsource was modelled as a point source with isotropic angular
~ii~!ribution. hTeutron histories were terminated when the neutrons
migrated beyond the specified problem boundaries. These boundaries are
~ic(incd by a cuboid whose planes correspond to the bottom of the floor, top of
the roof, far end of the shorter hallway (on the right hand side in Figure 2),
left end of the longer hallway, an invisible plane 11.75 meters to the right and
parallel to the outer wall of the shorter hallway, and an invisible plane 14.25
meters beyond the near end of the shorter hallway. Neutron histories were
,Ilso terminated by rouletting if neutron weight fell below one-fourth of
initial neutron weight. Photon histories were terminated by the same
problem boundaries or, again, by rouletting on particle weigl]t . No other
t,~ri,lnce reduction techniques were used.
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FIGURE 4. Calculated neutron energy and time spectra for detector 9. Detector
location is shown on Figure 2. Source energy is 1.0 Mev.
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FIGURE 5. Calculated photon energy and time spectra for detector 9. Detector
location is shown on Figure 2. Source energy is 1.0 Mev.
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FIG URE 6. Cakulated neutron energy and time spectra for detector 18. Detector
location is shown on Figure 2. Source energy is 1.0 Mev.
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FIGURE 7. Calculated photon energy and time spectra for detector 18. Detector
location is shown on Figure 2. Source energy is 1.0 Mev.



CONCLUS1ON

Design of the new alarm system at Los Alarros will utilize MCNP for
~ictermining detector locations. When designed, the facility geometry and
mntcrials will be moclelled in detail to estimate the relationship between
,’ct.-ident spectr.1 and detector time-energy spectra, rather than to rely on the
simpler strategies used in the past,
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